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ABSTRACT 


This  progran  covered  selected  tasks  Incidental  to  conducting  a  feasibility 
study  for  forming  the  shuttle  external  tank  dome  caps  by  hot  vacuum  creep 
forming.  It  was  necessary  to  conduct  this  study  on  a  sub-scale  configuration 
due  to  a  limited  material  availability;  this  limitation  concerned  ijoth  sheet 
size  and  quantity. 

The  study  was  limited  to  forming  2219-T37  aluminum  at  an  elevated  temperature 
equivalent  to  the  artificial  aging  time  and  temperature  used  to  produce 
the  T87  condition  while  achieving  MIL-HBK-5  properties  of  22I9-T87  aluminum 
alloy  material . 

The  feasibility  study  was  conducted  in  two  phases;  the  design  and  build  of 
a  sub-scale  hot  vacuum  creep  forming  (HVCF)  die  and  the  forming  evaluation 
of  various  cap  configurations.  The  contour  was  constant  in  all  evaluations. 

Conclusion  summary  is  that  this  particular  configuration  is  too  severe  for 
the  limited  forming  force  available  by  HVCF. 
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FINAL  REPORT 


SHUTTLE  TANK  CAP  HVCF  FEASIBILITY  STUDY 


I.  INTRODUCTION 

Th.  current  d.sian  tr«,ds  for  eerosp.t.  strocter.t  ere  f^rorin,  lerg. 
contoured  components  of  hipK  strength  eluninun.  Bvhesis  is  also  on 
sculpturing  to  produce  one-piece  p.nets  end  eiinin.te  seper.te  stiffener 
deteiis.  St»id.rd  for.lng  methods  present  problems  for  the  ne-  designs  due 
to  high  tooling  cost  end  the  leek  of  sufficient!,  lerge  fecilities  (stretch 

presses,  etc.). 

,h.  present  design  concepts  for  the  space  shuttle  fuel  tanks  inerporat. 
large  sculptured  panels  of  22I9-T87  aluminum.  This  particular  program  Is 
concerned  »ith  the  end  bulkheads.  The  size  and  contour  of  these  bulkheads 
are  sho«,  In  Figure  I.  It  is  understood  that  the  base  line  method  to 
produce  these  panels  is  bulge  forming. 

A  major  problem  in  forming  results  from  presculpturing  which  presents 
non-uniform  cross  sections  in  the  strain  areas.  The  feasibility  of 
minimizing  this  problem  by  hot  vacuum  creep  forming  was  sufficiently  real 
as  to  warrant  an  investigation.  This  program  concerned  the  design, 
development,  fabrication  and  test  evaluation  of  a  hot  vacuum  creep  forming 
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tangent  - 

OF  ELLIPSE 


I.  OaJECTIVES 


The  objectives  of  this  program  are  to  i)  determine  through  a  series  of  - 
tasks  which  are  described  in  Section  VI  of  this  report  whether  certain 
configurations  of  the  externai  tank  dome  caps  can  be  formed  by  the  HVCF 
method  and  reach  MIL-HDBK-5  properties  for  2219  T87,  and  2)  conduct  a 
study  for  the  purpose  of  providing  cost  data  such  that  full  scale 
tooling  and  external  tank  dome  caps  at  specific  production  rates  could 
be  developed. 


material  investigation 

A  review  of  the  room  temperature  tensile  properties  of  2219  aluminum  showed 
the  T87  design  values  to  be  52  KSI  yield  and  no  design  values  available 
on  T37  temper.  Data  on  T37  acquired  in-house  with  .125  material  gave 
values  ranging  from  46.2  KSI  yield  to  48.2  KSI  yield.  Tensile  specimens, 
.169  inch  material  machined  from  .500  inch  T37  plate, produced 
values  of  44.9  KSI  yield. 


Starting  a  HVCF  cycle  with  the  lower  strength  T37  material  increases  the 
odds  of  achieving  a  fully  formed  panel.  Considering  this,  a  series  of 
T37  tensile  specimens  were  artificially  aged  to  determine  the  aging  time 
and  temperature  that  would  be  compatible  with  the  forming  operation. 

Figure  2  plots  a  series  of  aging  times  for  yield  strength  versus  temperature. 
A  sixteen  hour  forming  cycle  at  36oOF  will  bring  T37  material  to  T87  temper 
per  MIL-HDBK-5  and  should  be  sufficient  time  to  allow  substantial  material 

creep. 


ALCOA  data  indicates  that  2219-T37  aluminum  has  a  9  percent  decrease  in 
ultimate  strength  at  2I2°F  within  45  minutes  and  is  below  the  T37  values 
for  a  total  of  approximately  20  hours.  The  conditions  under  which  the  data 
was  given  were  not  clear  and  verification  was  required.  Tensile  specimen. 
.125  lnch-T37,  were  pulled  at  temperature  with  the  following  results: 


Temperature 


Time  (Hrs.i 


Ftu  (KSll 


212 

350 

350 

350 

350 


0.5  50.64 
0.5  ^2.86 
4.0  45.88 
8.0  44.13 
16.0  44.21 
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CO. 


The  preceding  data  indicates  that  the  major  portion  of  any  forming 
occurs  early  in  the  HVCF  cycle  when  using  an  accepted  artificial  aging 
temperature. 
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nCSCRIPTION  OF  HVCF  METHOD 


The  forming  method  known  as  hot  vacuum  creep  forming  consists  of  a 
integrally  heated  ceramic  forming  die  (AVCORAMIC  TOOLIMG)  enclosed 
in  a  structural  steel  container  with  an  open  top.  The  material  to  be 
formed  is  first  placed  in  the  die.  Then  the  remainder  of  the  container 
is  filled  with  a  granular  insulating  material  known  as  vermicullte. 

The  top  is  sealed  with  a  plastic  sheet  diaphragm  identified  as  VAC  PACK. 

A  vacuum  system  is  used  to  evacuate  the  sealed  enclosure.  When  evacuated 
the  plastic  diaphragm  transmits  the  load  resulting  from  the  pressure 
differential  to  the  work  surface  via  the  vermicullte  medium.  A 
combination  of  heat  and  controlled  pressure  provides  conditions  for 
creep  stretching  the  work  into  the  ceramic  die. 

Figure  3  illustrates  the  fundamental  arrangement  of  a  HVCF  die  with 
work  In  place. 
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FIGURE  3 


. .1 

V.  DESIGW  AHD  CONSTRUCTION  OF  HVCF  TOOLING 

Evaluation  of  the  forming  ability  of  HVCF  to  produce  the  dome  cap  portion 
of  the  end  bulkhead  focused  on  the  design  and  fabrication  of  a  reduced 
scale  forming  tool.  The  spherical  cap  size  selected  vms  a  56  inch  chord 
and  57.75  inch  radius  which  requires  a  4.45%  forming  elongation,  and 
duplicates  the  forming  conditions  of  the  full  scale  dome  cap.  To  maintain 
a  minimum  A  temperature  across  the  tool  and  part,  a  convolute  integral 
heating  wire  pattern  was  adopted.  The  convolute  was  divided  Into  four 
independent  heating  zones  to  maintain  uniform  temperature. 

The  construction  procedures  used  to  fabricatethe  AVC0R4H1C  forming 
die  are  shown  In  the  following  figures. 

Figure  4.  Casting  box  with  plaster  splash  and  casting  core  to  produce 
the  convolute  heating  wire  groove  on  the  die  surface. 

Figure  5.  Placement  of  styrofoam  casting  cores  to  produce  cooling  cavities 
and  reduce  overall  tooling  weight. 

Figure  6.  Completed  casting  box. 

Figure  7.  Ceramic  casting  operation. 

Figure  8.  Cast  forming  die  with  Hichrome  heating  wire  being  cemented  in 
the  convolute  groove. 

Figure  9.  Completed  forming  die  placed  in  the  vacuum  enclosure. 

A  1/8  Inch  3003  aluminum  "caul  sheet"  was  HVCF  in  the  forming  die  and 
became  a  permanent  part  of  t.,e  tooling.  Its  function  was  to  protect 
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FIGURE  4 


FIGURE  5 


FIGURE  8 


both  die  and  part  from  surface  galling  and  to  further  reduce  the  A 
temperature.  Figure  10  shows  the  flat  blank  "caul  sheet"  In  place  to 
be  formed.  Note  tne  flange  around  the  perimeter  which  provides  positive 
drawing  of  the  material  into  the  contour.  The  sealed  enclosure  Is  shewn 
in  Figure  II  prior  to  applying  vacuum.  Figure  12  shows  the  formed  "caul 

sheet"  after  the  forming  cycle.  The  forming  cycle  was  accomplished  at 

900OF  for  two  hours  f.d  a  forming  pressure  up  to  8.3  Inches  Hg. 


FIGURE  10 


VI 


HUrF  ev/Iluation 


A  series  of  test  bleoks  »ere  esteblisheO  to  e..loete  the  HVCf  techoique. 
Additiooel  test  hlaoks  were  also  stodied  and  are  shown  in  dooble  letters. 
The  task  and  description  are  as  follows: 


TASK 

A 


DESCRIPTION 

48  Inch  diameter,  1/8  inch  thickness,  no  welds 
or  sculpturing- 


AA 


B 


C 


D 


00 

E 


48  inch  diameter,  .060  thickness  with  full 
thickness  land  (.125)  around  the  periphery  & 
no  welds. 

63  inch  diameter.  1/8  inch  thickness  with  a 
single  weld  through  the  center.  MSFC  Owg. 

MIT  15876-1. 

58.5  inch  diameter,  1/8  Inch  thickness  with 
single  weld  off  center.  MSFC  Dwg.  MIT  15876-2. 

58.5  Inch  diameter.  1/8  inch  thickness  with  two 
welds.  MSFC  Owg.  MIT  15876-3. 

(Same  as  D) 

58.5  inch  diameter,  stepped  cross  section,  no 
weld.  (AVCO  supplied  material.) 
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Th.  -«  inch  (T.sk  A)  blank  «.s  cabt.r  ponch^l  »ltb  2  lack  ,««• 

points  .n  th.  pat.nrn  illnstrata..  In  Fi,nr.  .3.  this  , an, in,  pattern -s  ^ 

,H.  Stanaarb  ns.P  nn  ai.  task,  to  Patamin.  -..ari.l  aion,at.».  F.,nra  lb 
sb»s  Task  A  anrin,  H«P  c,c,a.  Ti.  Tomin,  c»Pit.ons  for  Task  A  ara  piottaP 
in  Fi,nr.  15,  anP  a™  typid  all  tasks  akcapt  a-kimnn  t«««.ratnr.. 

At  tba  cpnplatlnn  o.  tba  fonaln,  eye, a.  a  sprlnpbaek  oeenrraP  -ban  tb. 
vaenna.  -as  ralaasaP.  This  rasnltaP  In  a  ehorP  hal,bt  (h)  loss  of 
,  625  inebas.  Aetna,  fonaaP  ehorP  ba„bt  o.  blank  A  -as  1.650  Inebas  anP 
is  sho-n  bain,  InspaetaP  in  Fl,nr,  16.  Cb,n„s  In  ,an,a  ,an,th.  -am  no, 
si,nif,e.n,  anP  a  tr.nP  -a,  no,  notaP.  Tba  -asnraa-nts  are  raeorPaP  in 
Flpnra  ,7  -bleb  also  ,lvas  -ebanlea.  proper, las  baFora  anP  aF,.r  Fomin,. 

Tb.  57.5  KS.  ,.ns„a  yl.lP  atr.n„b  aebl.imP  Pnrln,  th.  Forailn,  eyel.  is 

within  the  MIL-HOBK-5  requirements. 

Tb.  Task  AA  blank  -as  raPneaP  to  .060  Ineb  tbleknass  -l,b  a  on.  Ineb  Fnl, 
lanP  raminln,  armnP  tba  parlpbary.  in  orP.r  to  aebl.v.  Iner.as.P  nnlt 
ippoin,  ..mas  los,  -l,b  tb.  b.  ineb  Plamt.r  araa.  A,  ,0  Inebas  «  in 
tb.  For.,n,  eyela.  tb.  b,«.k  Instantanaonsly  bneklaP,  rasnltln,  in  a 
,„p,nr.P  Pl«.bra,..  The  r.sn„s  are  sl—i  in  Fl,nr.  ,8. 

p  63  ineb  P,»»..r  blank.  Task  0,  pl.eaP  tb.  d.rlal  parlmtar  on,  oF  tb. 
centonrap  ara.  anP  ».  tb.  .00.  Fl...  Tb.  applleatlon  oF  yaenno.  «.n.v.,an. 
t.  a  PS,  Fomln,  prassnr.  b.,.n  Prdn,  tb.  mtarla.  Into  tb.  eentmr  -l.b 
a  bneklln,  eonPltlon  Pavalopln,.  Tb.  blank  -as  ,a.«vaP  fr«"  tb.  too,  to 
ineorporat.  a  bo,P-Po-n  rln,  eonsls.ln,  oF  ..,b.  Flat  sapoants  -l.b 
slx.a«.  amnly  spaeaP  elanpln,  points  on  tb.  Flat  araa  oF  tb.  too,  parmatar. 
,1.  ns.  OF  tb.  bolP-Po-a  rln,  parnlttaP  np  to  27  Ineb  Ht  to  b.  appliaP 
Pnrln,  tba  Fomin,  eye,..  Tbra.  boors  into  tb.  Fomin,  opara.i^i  a 
bneklln,  F.iinr.  oeenrraP.  Vlsnal  Inspaetion  lnPlea,«,  a  F.ilnr. 
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lO  X  lO  TO  INCH  46  1322 


with  the  blank  buckling  in  the  butt  weld  area.  Figure  19  shows  the  hold¬ 
down  ring  and  the  damaged  area. 

The  hold-down  ring  was  redesigned  using  one  inch  diameter  cold  rolled  steel 
formed  to  a  56  inch  diameter  and  utilizing  the  existing  clamping  joints. 

This  permitted  the  clamping  force  to  be  applied  inside  the  tool  contour 
perimeter  which  results  in  the  blank  being  partially  drawn  into  the  tool. 

With  a  blank  and  ring  clamped  in  place,  a  3A  Inch  concave  condition  can 
be  achieved  when  20  ft. /lb.  torque  is  applied  to  the  clamping  bolts. 

The  forming  cycle  for  Task  C  incorporated  the  56  inch  diameter  hold-down 
ring.  Fifteen  hours  Into  the  forming  cycle  a  blank  failure  occurred  in  the 
weld  area  adjacent  to  the  hold-down  ring  which  was  also  damaged,  see  Figure  20. 

Visual  inspection  of  the  hold-down  ring  Indicates  a  loss  of  clamping  pressure 
as  the  forming  progresses.  The  clamping  points  were  redesigned  to  permit 
the  clamping  force  to  be  adjusted  outside  the  vacuum  enclosure  during  the 
forming  cycle.  With  the  use  of  a  torque  wrench,  the  clamping  force  can  then 
be  held  constant  throughout  the  cycle.  An  additional  one  inch  web  hoop  was 
welded  to  the  hold-down  ring  to  increase  overall  ring  stiffness.. 

The  modified  ring,  shown  in  Figure  21  prior  to  Task  0  forming  cycle,  was 
clamped  in  place  with  20  ft./lbs.  torque  at  each  of  the  sixteen  hold-down 
points.  The  torque  was  readjusted  and  maintained  throughout  the  forming 
cycle.  Figure  22  shows  Task  0  after  forming.  A  maximum  chord  height  of 
3*7/16  inches  was  achieved  without  buckling.  The  change  in  gauge  lengths 
and  mechanical  properties  are  recorded  in  Figure  23* 
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figure  19 
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figure  25 


r.QWCLUSIONS 

HO.  ,«oo«  creep  fonein,  ("V") 

cose  pustic  ..rein  .o  .he  cepree  recolred  .or  the  ^  cep 

cCiporetloo.  A  c»P».eA  p,.s..c  s.r.in  o.  4.45  percent  .s  repo.reA. 

ortnAUnp.  th.s  pr*.e.  c»,0  »l,  he  resold-  4,  pror.-inp  .  prec.se 

HOOP  rin,  .o  the  ».C.  d.e  ho.  c<»,0  no.  he  con.roHed  .o  .he 

.  H  .ince  the  original  tool  concept  did  not  consider  th.s 
degree  required  since  tne  ong. 

necessary. 

The  2219  eMoy.  -hen  s.er.inp  In  .he  137  ccndi.lon  «»l  .r.lflclelly  .9.09 
Oor.np  .or..n9,  ..  h.„.y.d  ,..,.ed  to  so-  .-  P-rcen.  p,....o  s.re.n  hy 
,H.  „,c.  -thod  .nd  the  cross  s.c..».  ccn.hrr  sh»,.d  he  ...pfc  no. 
.p-r,c.,.  .or  reasons  no.  ye.  .Oy  chders.ood.  .he  center  ere.  of  the 

oorh  does  no.  s.re.n,  hence  ..  pr^oces  .  .....on.np  CoC  soch  es  .h.. 
„,.n  ..  ....pse-  7h.s  ...ec  Is  ...o  tree  for  .he  dc™  Pores  as  ohserve 

during  a  similar  program. 
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